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Cardiovascular diseases cause >4	million	deaths	each	year	in	Europe	alone.	Preventive	
approaches	 that	 do	 not	 only	 consider	 individual	 risk	 factors	 but	 their	 interaction,	
such	 as	 the	 Systematic	 COronary	 Risk	 Evaluation	 (SCORE),	 are	 recommended	 by	
European	 guidelines.	 Increased	 cardiovascular	 risk	 is	 associated	 with	 shift-	work,	
surely	interacting	with	the	concurrent	conditions:	disruption	of	sleep,	unhealthy	be-
haviours,	and	circadian	misalignment.	Social	jetlag	(SJL)	has	been	proposed	as	a	way	
to quantify circadian misalignment. We therefore investigated the association be-
tween	SJL	and	cardiovascular	health	in	a	cross-	sectional	observational	study	involv-
ing	blue-	collar	workers,	who	either	worked	permanent	morning,	 evening,	 or	 night	
shifts.	Sociodemographic,	health	and	productivity	data	were	collected	through	ques-
tionnaires.	 Blood	pressure	 and	 cholesterol	were	measured	 and	 the	 cardiovascular	
risk	was	estimated	according	to	the	relative	risk	SCORE	chart.	Bivariate	analysis	was	
performed	according	to	the	cardiovascular	risk	and	the	relationship	between	SJL	and	








and individual circadian qualities are critical in preventing negative health impacts of 
shift-	work.
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1  | INTRODUC TION
Ischaemic	 heart	 disease	 and	 stroke	 are	 expected	 to	 be	 the	 two	
leading	causes	of	premature	death	by	2040,	despite	cost-	effective	
medications	 being	 available	 for	 major	 risk	 factors	 (IHME,	 2018).	
As	cardiovascular	diseases	 (CVDs)	share	similar	pathophysiological	
mechanisms,	 approaches	 that	 do	 not	 only	 consider	 individual	 risk	
factors	but	their	interaction,	such	as	the	Systematic	COronary	Risk	
Evaluation	(SCORE),	are	recommended	by	the	European	guidelines	
on	CVD	prevention	 (Piepoli	 et	 al.,	 2016).	 The	 SCORE	 is	 based	 on	











Our “24/7” societies increasingly involve atypical work sched-
ules,	 which	 affect	 >20%	 of	 the	 European	 working	 population	




shift-	work	 and	 health,	 namely	 disruption	 of	 sleep,	 unhealthy	 be-
haviours,	and	circadian	misalignment	(Kecklund	&	Axelsson,	2016).	
Circadian misalignment can be defined as the difference between 
the	 “social	 clock”	 (e.g.	 work	 schedules)	 and	 the	 “biological	 clock”.	













Previous	 studies	 showed	 that,	 among	workers	 following	 rotat-
ing	 shift	 schedules,	 earlier	 chronotypes	 working	 night	 shifts	 had	
shortened	sleep,	higher	levels	of	SJL	and	sleep	disturbances.	A	sim-













The study population was comprised of working adults performing 
manual	picking	activity	in	a	retail	facility,	near	Lisbon,	Portugal.	All	
workers	were	invited	to	participate	(census	approach)	and	gave	their	
written	 informed	 consent	 as	 volunteers.	 No	 rewards	 were	 given,	
or privileges withdrawn for workers participating in the study. The 
company did not participate in the study design and the study pro-
tocol	was	approved	by	the	Ethics	Committee	of	the	Medical	School	
at	 the	 University	 of	 Lisbon.	Workers	 performed	 permanent	 (non-	
rotational)	 schedules	 comprising	 morning	 (06:00–	15:00	 hours),	





ple	 comprised	 very	 different	 schedules,	we	 excluded	 the	 extreme	
outliers	(>×3	the	interquartile	range	[IQR])	above	the	third	quartile	
for	SJL	(n =	11).	Two	individuals	refused	the	collection	of	blood	for	











time	on	 free	days,	 sleep	 corrected	 [MSFsc])	 and	 sleep	duration	on	
both	workdays	 and	work-	free	days.	Chronotyping	 is	 based	on	 the	
MSF,	which	is	corrected	for	potential	compensatory	sleep	resulting	
from	 sleep	 deprivation	 during	 the	workweek,	 i.e.	MSFsc. This cor-
rection is made by calculating the average sleep duration across the 
entire	week	(SDweek)	and	then	correcting	the	MSF	by	subtracting	
half	of	 the	over-	sleep	 (for	detail	 on	computation	 see	 (Roenneberg	
et	al.,	2019).	An	MCTQ-	derived	chronotype	(MSFsc)	is	expressed	in	
local time and can only be calculated if participants report not using 
alarm	clocks	on	work-	free	days,	 therefore	our	sample,	considering	
this	parameter	was	reduced	to	229	participants	 (n =	121	morning,	
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n =	88	evening,	n =	20	night	schedule).	Although	study	participants	
are	considered	shift-	workers,	as	they	work	atypical	schedules,	these	
workers	 perform	 fixed	 (non-	rotational)	 shifts.	 Therefore,	 we	 use	
the	 regular	MCTQ	 and	 not	 the	MCTQ	 for	 Shift-	Workers	 (MCTQ-	
shift)	(Juda	et	al.,	2013),	as	the	adaptation	created	for	chronotyping	
shift-	workers	 is	 primarily	 related	 to	 the	 changing	 nature	 of	 rota-
tional	 shift-	work,	not	 applicable	here.	 SJL	 is	 a	 continuous	variable	
































N (%) n (%) n (%)
Participants 301	(100) 61	(20.3) 240	(79.7)
Sex
Male 169	(56.1) 27	(44.3) 142	(59.2) .051
Female 132	(43.9) 34	(55.7) 98	(40.8)
Age	groups,	years
≤25 79	(26.2) 7	(11.5) 72	(30.0) <.001
25–	40 141	(46.8) 25	(40.9) 116	(48.3)
≥40 81	(26.9) 29	(47.5) 52	(21.7)
Education	groups,	
years
≤12 264	(87.7) 56	(91.8) 208	(86.7) .383
>12 37	(12.3) 5	(8.2) 32	(13.3)
Schedule
Morning 153	(50.8) 32	(52.5) 121	(50.4) .179
Evening 120	(39.9) 20	(32.8) 100	(41.7)
Night 28	(9.3) 9	(14.8) 19	(7.9)
SDur	workdays,	hr
>6 181	(60.1) 27	(44.3) 154	(64.2) .007
≤6 120	(39.9) 34	(55.7) 86	(35.8)
Sleep quality
≥Good 205	(68.1) 39	(63.9) 166	(69.2) .529
≤Poor 96	(31.9) 22	(36.1) 74	(30.8)
Social jet lag
≤2 179	(59.4) 31	(50.8) 148	(61.7) .065
2−4 98	(32.6) 21	(34.4) 77	(32.1)
≥4 24	(8.0) 9	(14.8) 15	(6.2)
Physical	exercise,	min/week
≥150 56	(20.4) 3	(9.8) 53	(31.7) .002
<150 219	(79.6) 55	(90.2) 164	(68.3)
Alcohol,	drink/day
≤1 272	(90.4) 54	(88.5) 218	(90.8) .762
>1 29	(9.6) 7	(11.5) 22	(9.2)
Caffeine,	drinks/day
≤3 212	(70.4) 30	(49.1) 182	(75.8) <.001
>3 89	(29.6) 31	(50.8 58	(24.2)
BMI,	kg/m2
<25 187	(62.1) 39	(63.9) 148	(61.7) .859
≥25 114	(37.9) 22	(36.1) 92	(38.3)
Smoking
No 149	(49.5) 1	(1.6) 148	(61.7) <.001








N (%) n (%) n (%)
Hypertension,	blood	
pressure,	mmHg
<140 and 90 269	(89.4) 221 
(92.1)
48	(78.7) .005




<190 154	(51.2) 8	(13.1) 146	(60.8) <.001
≥190 147	(48.8) 53	(86.9) 94	(39.2)
Abbreviations:	BMI,	body	mass	index;	CVD,	cardiovascular	disease;	
SDur,	sleep	duration.
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ing	 the	 National	 survey	 protocol	 (INSA,	 2016).	 Hypertension	was	
defined	as	a	systolic	BP	of	≥140	mmHg	or	diastolic	BP	of	≥90	mmHg	
(Williams	et	al.,	2018).
Cardiovascular risk was defined using the relative risk chart 
derived	 from	 the	 SCORE	 (Figure	 1)	 (Piepoli	 et	 al.,	 2016).	 This	 risk	
estimation is based on the interaction of main modifiable risk fac-
tors:	smoking,	SBP	and	TC	values.	A	relative	risk	of	1	means	an	ideal	
combination	of	risk	factors	 (i.e.	 low	CVD	risk),	while	a	relative	risk	
of	 2	means	 double	 the	 risk,	 and	 so	 on.	 As	 there	 are	 no	 universal	
thresholds and the intensity of interventions should increase with 
increasing	 risk	 estimation,	we	define	 three	 relative	 risk	 categories	
(SCORE	=	1,	SCORE	=	2,	SCORE	≥3)	 (Pereira	et	al.,	2014)	and	fo-
cussed	 on	 the	 high-	risk	 CVD	 group	 (SCORE	 ≥3)	 versus	 others	
(SCORE	≤2).
2.3 | Statistical analyses











Relative risk CVD p
High risk Others
M/Mdn ±SD/IQR M/Mdn ±SD/IQR M/Mdn ±SD/IQR
Age,	years 31.00 15.00 38.50 15.00 30.00 13.00 <.001
Education,	years	of	
school
10.57 ±2.49 9.69 ±2.37 10.78 ±2.45 .003
Seniority,	years	of	
contract
4.00 10 9.00 12.00 3.50 9.00 .021
SDur	work	days,	hr:min 06:25 ±01:27 06:01 ±01:16 06:30 ±01:28 .021
SDur	free	days,	hr:min 08:22 ±01:50 08:00 ±01:33 08:28 ±01:53 .074
Social	jetlag,	hr:min 01:45 01:57 02:00 02:03 01:40 02:04 .070
Chronotype,	hr:min 03:54 03:54 4:18 03:04 3:48 4:05 .426
Total	cholesterol,	mg/dl 182.00 94.00 259.50 19.00 172 63.00 <.001
BMI,	kg/m2 23.90 4.9 23.9 4.9 24.10 4.9 .691
Fasting,	hr:min 02:00 02:00 02:00 02:00 02:00 02:00 .504
BP	systolic,	mmHg 119.00 17.00 120.50 27.00 118.00 16.00 .102
BP	diastolic,	mmHg 74.00 11.00 78.00 15.00 74.00 12.00 .003
Heart	rate,	bpm 79.00 17.00 80.00 17.00 78.00 17.00 .061
Productivity,	items/
month
19 947 9	926 17	869 11 174 20	467 9 943 .004
Absenteeism,	
absences/year
0 1 0 1 0 1 .323
Abbreviations:	BMI,	body	mass	index;	BP,	blood	pressure;	bpm,	beats/min;	CVD,	cardiovascular	disease;	IQR,	interquartile	range;	M,	mean;	Mdn,	
median; SD,	standard	deviation;	SDur,	sleep	duration.
Data are presented as M ± SD	for	normally	distributed	continuous	variables,	and	as	Mdn	and	IQR	for	non-	normal	distributions.	Student	t test 










The	 chi-	square	 for	 trend	 (linear-	by-	linear	 association	 test)	was	
used	to	assess	the	existence	of	a	linear	trend	between	ordinal	cat-




Variables in the bivariate association with a p value < .20 
(Aguiar,	 2007)	 and/or	 relevant	 in	 the	 pathophysiological	 pathway	




cholesterol were not included in the regression model as these pa-
rameters	 were	 already	 part	 of	 the	 SCORE	 estimation.	 To	 further	































units	(mmol/L	→	mg/dl;	8	= 310; 7 = 279; 
6	=	230;	5	= 190; 4 =	155)
F I G U R E  2  Prevalence	of	cardiovascular	disease	(CVD)	outcomes	per	social	jetlag	(SJL)	categories.	Prevalence	of	high-	risk	CVD	(relative	
risk	estimation;	Systematic	COronary	Risk	Evaluation	[SCORE]	≥3),	hypertension	(blood	pressure	≥140	or	90	mmHg),	smoking	(current	
smoker)	and	hypercholesterolaemia	(total	cholesterol	≥190	mg/dl)	within	ordinal	SJL	categories	(≤2,	2–	4,	≥4	hr).	*p <	.05	**p < .01. p value 
for	linear-	by-	linear	association	chi-	square	test;	high-	risk	CVD	(p for trend =	.035*),	hypertension	(p for trend =	.006**),	smoking	(p for 
trend =	.043*)	and	hypercholesterolaemia	(p for trend =	.439)

























SJL 2 - 4hr
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therefore the better the model. Statistical analysis was performed 
using Statistical Package for the Social Sciences	software	(SPSS,	ver-
sion	 26)	 and	 the	 level	 of	 significance	 considered	 for	 all	 statistical	
tests	was	5%.
3  | RESULTS








ing	 (39.9%)	and	 the	night	 (9.3%),	which	was	 representative	 for	 the	











(median	03:54).	Concerning	CVD	 risk,	39.5%	 (n =	 119)	of	 the	par-
ticipants	 fell	 into	 the	 low-	risk	 CVD	 category	 (SCORE	=	 1),	 40.2%	




(p <	 .001),	 had	 longer	 contracts	 (p =	 .021),	 were	 less	 educated	





(≥3	 drinks/day,	 p <	 .001).	 Notably,	 these	workers	 in	 the	 high-	risk	
group	(SCORE	≥3),	had	the	same	sleep	duration	on	work-	free	days	
(p =	 .074)	compared	to	the	other	SCORE	groups,	and	they	also	did	




found	 in	 cholesterol	 were	 unlikely	 due	 to	 differences	 in	 fasting,	
as the time elapsed from last meal was not significantly different 
among	groups	(p =	.504).
Despite	the	bivariate	results,	we	found	significant	linear	trends	
for	 adverse	 cardiovascular	 outcomes	 when	 considering	 SJL	 as	 an	
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risk	factors	included	in	the	SCORE,	the	prevalence	of	hypertension	
(p =	.006)	and	smoking	(p =	.043)	increased	together	with	SJL.	This	
was	also	 the	case	 for	high	CVD	risk	 (p =	 .035).	Only	hypercholes-
terolaemia	showed	no	significant	trend	(p =	.439).	For	smoking,	the	
prevalence	 increased	exponentially	among	workers	with	SJL	≥4	hr	








cant association between the number of absences from work and 
SJL	categories	(p =	.165).
Most	 participants	 who	 experienced	 ≥4	 hr	 of	 SJL	 were	 night	
workers	(54.2%)	followed	by	morning	workers	(41.7%)	and	just	4.2%	
who	worked	the	evening	shift.	 In	agreement	with	this	 trend,	most	
participants	 experiencing	 ≤2	 hr	 of	 SJL	 worked	 the	 evening	 shift	
(58.0%),	followed	by	35.9%	in	the	morning	shift	and	just	6.1%	work-











ering	its	continuous	nature	(OR	1.18,	p = .037; Model 1: unadjusted; 
Table	 3).	 To	 scrutinise	 this	 finding,	 cumulative	 models	 were	 per-
formed	to	explore	the	possible	links	between	SJL	and	CVD	risk.	We	















For	 the	 final	model	 (Model	 5),	 the	odds	of	 having	 a	 high	CVD	
risk increased >30%	(OR	1.31,	p =	 .033)	with	each	additional	hour	
of	SJL,	even	after	adjusting	for	all	major	confounding	factors.	In	ad-
dition	to	SJL,	the	following	factors	were	found	to	be	independently	
associated	with	 a	 greater	 chance	of	high	CVD	 risk:	 age	≥40	years	




higher productivity levels were associated with reduced chances of 
high	CVD	risk	as	there	is	evidence	that	for	each	added	1,000	[items/
month]	 in	 productivity,	 the	 chances	 of	 high	 CVD	 risk	 reduces	 by	
~5%.	This	 final	model	was	 the	one	 that	better	 fits	 the	data	 (lower	





in the most adjusted analysis.
4  | DISCUSSION
The	 present	 study	 investigated	 the	 association	 between	 SJL	 and	
cardiovascular	health,	in	a	real-	life	setting	of	blue-	collar	workers	fol-
lowing permanent atypical schedules. Our present results suggest 






















experienced	≥4	hr	of	SJL,	and	 in	 this	case,	 the	 remaining	60%	are	
presumably early chronotypes. Considering sleep duration on work-
days,	 only	 evening	workers	 achieved	 an	 average	 value	 (mean	 [SD]	
07:06	[1:31]	hr)	in	agreement	with	the	7–	9	hr	of	sleep	recommended	




are especially challenging for sleep and health.
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The	CVD	prevalence	was	overall	low	in	our	population	(e.g.	hy-
pertension	≈10%),	which	could	be	explained	by	its	relatively	young	





ple who show no substantial absolute CVD risk. Recent guidelines 
recommend that CVD prevention should apply a lifetime approach 
because,	 most	 CVD-	related	 deaths	 are	 associated	 with	 absolute	
lower	risk,	simply	because	they	are	more	numerous	compared	with	




the circadian physiology are already defined to minimise the impact 
of	 atypical	 schedules	 on	health,	 e.g.	 avoid	morning	 shift	 or	 heavy	
workload	 in	 the	 circadian	 nadir	 (04:00–	07:00	 hours),	 shift	 dura-




workers have already been shown by an observation study by Juda 
et	al.	 (2013),	but	also	 in	an	 intervention	study,	with	a	chronotype-	
adjusted	shift	schedules,	conducted	by	Vetter	et	al.	(2015).	Our	pres-
ent	study	supports	the	evidence	that	SJL	and	individual	chronotype	
should be considered in assigning shifts to workers. It also contrib-
utes to our understanding of the link between health and circadian 
misalignment,	 specifically	 concerning	 cardiovascular,	 physiological,	
and behavioural risk factors.
Our	multivariate	analysis	showed	that,	 in	addition	to	SJL,	older	
age,	 insufficient	 exercise,	 and	 caffeine	 abuse	were	 independently	
associated	 with	 higher	 odds	 of	 having	 a	 high	 CVD	 risk.	 Age	 and	
insufficient	 exercise	 are	well	 established	CVD	 risk	 factors	 (Piepoli	
et	al.,	2016),	as	is	caffeine	abuse	(via	blood	pressure)	and/or	as	a	con-
founder	of	smoking	(Thomas	&	Hodges,	2020).	In	contrast,	education	
and productivity were associated with decreased risk. In a represen-








possible.	 Thus,	 the	 link	 between	 higher	 productivity	 and	 reduced	
CVD risk still needs further research.
One strength of the present study is the homogeneity of the 
sample,	which	allows	comparisons	between	subjects	with	reduced	
confounders.	Another	 strength,	 is	 that	we	actually	 collect	BP	and	
cholesterol	data	with	a	validated	and	standardised	procedure,	and	
not	used	information	from	medical	records.	Finally,	we	had	access	to	






use actiometry and assess objectively anthropometric measure-
ments)	 (Ancoli-	Israel	et	al.,	2003);	 finally,	BP	was	measured	 in	one	
occasion	 (future	 studies	 should	 use	 24-	hr	 ambulatory	 monitoring	
allowing	valuable	over-	night	measurements	(Williams	et	al.,	2018)).
The	 present	 study	 is	 the	 first	 to	 indicate	 that	 reducing	 SJL	
potentially reduces CVD risk. Our findings encourage future 
cardiovascular-	health	studies	to	include	sleep	and	circadian	qualities	
as they will be critical to understand and prevent negative health 
impacts	of	shift-	work.
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